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1078–5Objectives. The clinical severity of venous disease is often worse in obese patients. The objectives of this study were to
compare lower limb venous physiology assessed by air plethysmography in a large group of obese and normal-weight
patients; to consider the effect of posture on these measures and on foot vein pressure in a smaller cohort.
Methods. Venous function was assessed using air plethysmography and duplex scanning in 934 consecutive patients
presenting for assessment of venous disease. These were grouped into obese or non-obese categories. A smaller group of
twenty patients with a range of body weights were randomly selected from a database of patients with varicose veins.
Foot vein pressures and femoral vein diameter were measured standing, sitting, lying and ambulating.
Results. Venous disease was more clinically severe in the obese limbs (CEAP C5&6 non-obese group 20.5%, obese group
35.4%, p< 0.001 c2). Venous reflux was worse in the obese but measures of muscle pump function were better. Residual
volumes and fractions were better in the obese (mean residual volume, non-obese 60 SD 36, obese 50 SD 42, p< 0.001
t test). In the smaller study group weight correlated with the diameter of the superficial femoral vein (r¼ 0.50), ambulatory
venous pressure (r¼ 0.45), venous filling index (r¼ 0.49) and the ejection volume (r¼ 0.38, p< 0.05). The foot venous
pressure was significantly greater in the obese in all positions.
Conclusion. The CEAP clinical stage of venous disease is more advanced in obese patients than non-obese patients with
comparable anatomical patterns of venous incompetence. This may be the result of raised intra-abdominal pressure reported
in previous studies, leading to greater reflux, increased vein diameter and venous pressures.
 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Few studies have been done to investigate the impact
of obesity on venous function of the leg, although
there has always been a strong belief amongst vascu-
lar surgeons that an association exists between venous
disease and obesity. Epidemiological studies includ-
ing the Basel study1 and the Jerusalem Community
Report2 all observed a relationship between obesity
and varicose veins in women but not in men, while
Stanhope,3 Hirai4 and Malhotra5 failed to show an
association in either gender. Another Danish epidemi-
ological study6 concluded that obesity was a positive
risk factor for varicose veins in both sexes. The
Framingham Study showed a higher incidence of
varicose veins in women, who were more likely to
be obese than men.7 There still remains doubt aboutsponding author. Professor A. M. van Rij, Department of
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role or whether it merely exacerbates the severity of
the varicose disease once venous reflux occurs.
Intra abdominal pressures are considerably higher
in the obese compared to the non-obese.7,8 Sobolew-
ski9 and coworkers observed that the raised pressures
in the abdomen created by insufflation of gas during
laparoscopic surgery is sufficient to impede venous
flow from the legs. We therefore hypothesized that
the high pressures in the abdomen in the obese would
have a similar effect impairing venous function and in
particular venous return, and possibly increasing the
rate of reflux. The obese abdomen itself may contrib-
ute both by the effect of the weight of the abdominal
wall and by the mass effect of the fat contained within
the abdomen effectively compressing the veins in the
pelvis and possibly impinging on the veins in the
groin. It is probable that this phenomenon has an
effect in most postures even in the lying and sitting
positions. The aim of this study was to examine the
relationship between obesity and impaired venous
function, including the effects of posture.r Surgery. Published by Elsevier Ltd. All rights reserved.
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Venous laboratory study
All patients clinically referred for varicose vein dis-
ease were assessed in the venous laboratory with air
plethysmography (APG) and duplex ultrasound and
were included in the study after giving their informed
consent. APG and a full duplex ultrasound of superfi-
cial and deep systems were performed as previously
described.10,11 APG recordings were made using a dig-
ital multi channel system (MacLab/8, Analog Digital
instruments, Dunedin, New Zealand). The rate of
venous filling was represented with venous filling
index (VFI; mL/sec) and venous filling time (VFT).
Calf muscle pump function was measured by ejection
volume (EV), ejection fraction (EF), residual volume
(RV) and residual fraction (RF). The duplex scanning
was carried out using an Acuson 128/XP/5 scanner
using a 7 MHz linear probe (Acuson, Inc., Mountain
View, CA). Deep reflux was defined as reflux from
the groin to or beyond the popliteal vein.
In addition details of family history of varicose
veins, previous venous surgery and history of deep
vein thrombosis were recorded. Although the more
recent reporting standards (the CEAP classification)
were recorded for the majority of patients, these
were not available for all and therefore the clinical
severity of the venous disease (CVI) was graded
according to the reporting standards in venous
disease:12,13 (0) asymptomatic, (1) mild venous insuffi-
ciency with prominent varicose veins, (2) moderate
venous insufficiency with significant hyperpigmenta-
tion, oedema, (3) severe venous insufficiency with
active or healed ulcers. Patients were examined and
given their clinical classification by experienced
vascular laboratory technicians.
Only patients with symptomatic disease were
included in the analysis. The obese/non-obese catego-
rization was by clinical appearance judged by the
vascular technicians. In the latter part of the study
period weight and height were also measured and
allowed appropriateness of this classification to be
determined.Posture and venous pressure study
In 20 patients randomly selected from those attending
the vascular laboratory to provide a representative
range of BMI values, the venous pressure was mea-
sured via a superficial foot vein cannulated with
a 22 gauge intravenous cannula connected to a pres-
sure transducer. The resting pressure was recordedEur J Vasc Endovasc Surg Vol 35, June 2008while sitting with a straight back, leaning forwards
and leaning backwards to 45. The effect of single
and multiple ankle flexions and toe movements and
of Valsalva manoeuvre were observed. Venous pres-
sure on standing with body weight taken on the
opposite leg to that being evaluated was followed
by ‘ambulatory’ effect with a single and then ten toe
stands. APG volumes were also recorded.
Duplex ultrasound scanning using a 7 MHz linear
probe (Acuson 128/XP/5 Acuson, Inc., Mountain
View, CA) was used to measure the diameter and
flow velocity of the proximal femoral vein in the
respective lying, sitting and standing postures.
Patients with previous venous operations, history
of DVT, age< 16 years and >80 years or any difficul-
ties with mobility or other incapacitating illness were
excluded. Consent was obtained with protocols ap-
proved by the Institution’s Ethics Review Committee.
Data analysis was performed using StatView
version 5.01 (SAS Institute, Cary, NC). Pearson corre-
lation was used to compare the relationships of
continuous variables of venous function with BMI,
weight and height separately. All numbers are given
as mean and standard deviation. Contingency tables
were analyzed with c2 tests. Student’s t test was
used to assess continuous variables. The level for
accepting statistical significance was set at p< 0.01
for the venous laboratory study and p< 0.05 for the
posture and venous pressure study.Results
Venous assessment laboratory study
Nine hundred and thirty four patients were studied of
whom 153 were considered obese and 781 non-obese.
The BMI was available in 384 patients with non-obese
(n¼ 311, mean BMI 26.6 S.D. 4.5) and obese (n¼ 73,
BMI 37.0 S.D. 6.3, p< 0.001, Student’s t test). There
was no difference in age, history of DVT, family his-
tory of varicose veins or history of previous surgery
for varicose veins, but there was a significant gender
difference between the two groups with 77.8% of the
obese being female and only 58.6% of the non-obese
(Table 1). A higher incidence of severe venous disease
was found in the obese limbs according to the CEAP
class with 35.4% of the obese limbs having CEAP of
4e6 compared to just 20.5% of the non-obese. Con-
versely more non-obese limbs (48.3%) had less severe
disease with a CEAP of 2 compared to the obese
(25.3%) (Table 2). The ultrasound patterns of the sites
of reflux were little different in the two groups al-
though SFJ incompetence was more common in the
Table 1. Demographics and clinical history of the obese and





Age S.D. Std Deviation 51.3 S.D. 11.2 51.9 S.D. 9.3
Male 323 (41.3%) 34 (22.2%)*
Female 458 (58.6%) 119 (77.8%)*
Family history of VV 491 (62.9%) 87 (56.9%)
Previous VV Surgery 264 (33.8%) 39 (25.5%)
Positive DVT history 102 (13.0%) 29 (18.9%)
BMI S.D. S.D. 26.6 S.D. 4.5 37.0 S.D. 6.3
*Significant differences at p¼ 0.01, c2.
741Obesity and Impaired Venous Functionobese. The occurrence of deep venous reflux down to
the level of the popliteal vein or below was similar in
the two groups (Table 2).
The venous physiology was different in the obese
group and this is shown in Table 3. Venous reflux
measured as VFI and VFT was worse in the obese
group. In contrast, the muscle pump function was
significantly better in the obese patients who had
increased ejection fractions and ejection volumes.
This was associated with an overall pump function
with ambulation which was better in the obese group
as reflected by the smaller residual fractions and re-
sidual volumes. These effects associated with obesity
were different for men and women. Venous reflux in
obese women was worse and muscle pumps better
than in the non-obese. In contrast while reflux was
worse in men compared to women the effect of
obesity on reflux was not significant. Muscle pump
function was more efficient in men and especially in
the obese male patients.
In the group of patients with known BMI, compar-
ison of those with a BMI< 25 and those with a higher
BMI> 30 show these effects of obesity on reflux were
only seen in those with uncomplicated varicose veins,
CEAP class 2. However the muscle pump changes
were significant in all clinical severity classes (data
not shown).Table 2. Differences in CEAP grading and ultrasound reflux
patterns (Percentages in brackets)




2 568 (48.3) 58 (25.3)*
3e4 367 (31.2) 90 (39.3)
5e6 241 (20.5) 81 (35.4)*
Ultrasound Pattern of Reflux
Deep Reflux 13.3% 8.1%
SFJ incompetence 62.6% 74.9%*
SPJ incompetence 29.2% 24.2%
*Significant differences at p¼ 0.01, c2.Posture and venous pressure study
The subjects studied were representative of the larger
group with an average age of 50.0 S.D. 8.5 years. The
BMI was 33.5 S.D. 10.9 kg/m2 with a range from 20.1
to 41.2 kg/m2. Weight ranged from 52 to 116 kg and
height from 1.53 to 1.85 m. The majority had CEAP
class 5e6 disease in the 20 limbs studied and 15/20
were women.
The venous pressures and the femoral vein (FV) di-
ameter in different positions are shown in Table 4. The
pressure and the diameter of the FV increased from
lying to sitting to standing and was greater in each po-
sition in the obese group weighing >90 kg. The FV
diameter on standing correlated significantly with
weight and BMI, while venous pressure was more
closely associated with weight rather than BMI or
height (data not shown). All pressures in the various
postures and after ambulation correlated with weight
in this group of subjects with venous disease i.e. the
greater the weight the higher the venous pressure.Discussion
The impression that the severity of varicose veins and
their complications are commonly associated with
obesity appears to be well founded considering the
observations described in these studies. The epidemi-
ological observations which first suggested this are
from Caucasian communities in Denmark, Switzer-
land and Israel and Germany.1,2,14 The New Zealand
community is of a similar derivation and varicose
vein disease is common.15
In relating obesity to varicose veins the distinction
needs to be made between the possible effect of
obesity on the initiation of varicose veins and the
effect that obesity has on the severity of venous reflux
and the complications of venous insufficiency. In
reports the Bonn study14 obesity was not a risk factor
varicose veins, but was a risk factor for oedema and
skin changes of chronic venous insufficiency.
In our larger cohort clinical venous insufficiency
was more severe in the obese and ulcer disease was
more frequent. This was despite similar age, frequency
of previous DVT, deep venous reflux and other risk
factors in the obese and non-obese groups. Patterns
of superficial vein reflux were similar including perfo-
rator and SPJ incompetence refuting any suggestion
that a distinctive anatomic pattern leads to greater
venous insufficiency in the obese.11,16
Air plethysmography is a useful tool for non-
invasive evaluation of venous function and distin-
guishes the components of reflux and muscle pumpEur J Vasc Endovasc Surg Vol 35, June 2008
Table 3. Venous physiology measurements in 1405 limbs in 924 patients with varicose veins in obese and non-obese groups, and for
males and females
Venous filling index (ml/s) Venous filling time (s) Venous volume (ml) 2 sec output ratio
a. Measures of reflux
Non-Obese n¼ 1176 4.0 S.D. 3.1 51.6 S.D. 35.1 135.0 S.D. 53.9 0.06 S.D. 0.06
Obese n¼ 229 4.8 S.D. 3.3** 38.5 S.D. 24.5** 135.6 S.D. 62.2 0.05 S.D. 0.05
Male
Non-Obese n¼ 331 5.0 S.D. 3.4# 47.3 S.D. 30.6# 162.3 S.D. 58.4# 0.05 S.D. 0.06#
Obese n¼ 33 5.7 S.D. 4.5 47.2 S.D. 35.7 179.3 S.D. 92.1# 0.04 S.D. 0.02**#
Female
Non-Obese n¼ 708 3.4 S.D. 2.7 54.5 S.D. 37.6 116.9 S.D. 42.0 0.07 S.D. 0.06
Obese n¼ 119 4.6 S.D. 2.8** 36.2 S.D. 20.0** 123.9 S.D. 45.0 0.06 S.D. 0.03
Eject volume (ml) Eject fraction Residual volume (ml) Residual fraction
b. Measures of calf muscle pump function
Non-Obese n¼ 1176 67 S.D. 31 0.5 S.D. 0.2 60 S.D. 36 0.43 S.D. 0.18
Obese n¼ 229 80 S.D. 41** 0.59 S.D. 0.2** 52 S.D. 42** 0.35 S.D. 0.18*
Male
Non-Obese n¼ 331 78 S.D. 34# 0.49 S.D. 0.17# 75 S.D. 40# 0.46 S.D. 0.17#
Obese n¼ 33 109 S.D. 64*# 0.56 S.D. 0.20 70 S.D. 52# 0.36 S.D. 0.17**
Female
Non-Obese n¼ 708 59 S.D. 26 0.51 S.D. 0.18 49 S.D. 29 0.41 S.D. 0.19
Obese n¼ 119 72 S.D. 27** 0.59 S.D. 0.18** 47 S.D. 38 0.35 S.D. 0.18**
Significant values ** p< 0.001, * p< 0.01 (t test) for difference between obese and non obese, #p< 0.001 for difference between men and
women in the same category.
742 A. M. van Rij et al.function.17e19 Venous filling index (VFI), a very good
measure of reflux, is clearly worse in the obese popu-
lation and especially in women. This more severe
reflux was not simply because of more severe disease
in this group as it was most readily observed in those
with less severe CEAP clinical class 2 and 3 disease. In
those with more severe disease obesity had little
further impact on reflux volumes perhaps because
reflux was already close to maximal.
The more invasive study in the smaller group of
patients provides further evidence for how obesity
worsens venous function. Venous pressures are
greater with obesity in all postures except more ex-
treme elevation and the diameters of the femoral
vein are larger. The reason for these effects may be
due to increased abdominal pressure which has
been demonstrated in obese patients.20 A higher pres-
sure would force more rapid reflux as well distending
the axial veins to further contribute to greaterTable 4. Venous pressures and diameters of the FV in different post
All sub
FV diameter (mm) Standing 11.1 S.D
Sitting 9.2 S.D
Lying 7.1 S.D
Pressure (mm Hg) 10 tip toes 51 S.D.
1 tip toe 60 S.D.
Lying flat 12 S.D.
Sitting: leaning back 71 S.D.
Sitting: straight 73 S.D.
Sitting: forward 77 S.D.
Standing 98 S.D.
*Significant differences between the weight categories at p< 0.01 (t tes
Eur J Vasc Endovasc Surg Vol 35, June 2008retrograde flow. Reduced distensibility of the veins
in the obese shown by Stepniakowski et al. might be
a result of this too.21 The greater intra-abdominal
pressure also contributes to the net pressure at the an-
kles as was observed. Reduced outflow could also
have been expected but we did not observe a differ-
ence in the 2-second out flow. This test is however
done in the lying position and its reliability as a mea-
sure of obstruction is limited. Some have suggested
that a further contributing factor, particularly if the
abdomen is large, is compression at the groin which
would be worse in the sitting position. We found no
evidence to substantiate this.
While reflux and venous pressure are made worse
by obesity not all measures of venous function are
compromised. The calf muscle pump performance
in the obese is better. The evidence for this is the bet-
ter ejection volumes and fractions as well as post-
ambulatory residual volumes in the obese for allures for subjects >90 kg and <90 kg in weight




. 2.3 13.3 S.D. 0.9 10.2 S.D. 2.1*
. 1.9 10.7 S.D. 1.3 8.6 S.D. 1.8*
. 1.2 8.1 S.D. 1.0 6.7 S.D. 1.1*
23 66 S.D. 21 44 S.D. 21
19 61 S.D. 19 55 S.D. 17
4.9 14 S.D. 4.3 11 S.D. 4.9
14 82 S.D. 18 66 S.D. 7.4*
13 82 S.D. 19 70 S.D. 5.7
13 90 S.D. 16 72 S.D. 7.5*
15 110 S.D. 23 93 S.D. 6.5*
t).
743Obesity and Impaired Venous Functionclinical classes of venous insufficiency. This effect
might have been attributable to differences in
venous volumes but these are similar in the obese
and non-obese. The enhanced muscle pump effect
is seen in men and women even though ejection
volumes in men are generally greater. This observa-
tion was a surprise. Usually limbs with more severe
venous disease, as seen in the obese, have small
ejection fractions and large residual fractions. The
effect we observed was quite the opposite suggesting
that unlike the non-obese these measures do not
predict clinical severity of disease in the obese. We
would suggest that the muscle pump is stronger
because the calf muscles in the obese are better de-
veloped in order to carry a larger weight than the
non-obese. This is consistent with studies that have
shown obesity to be associated with an increase in
both lean and fat mass, with the lean mass increase
representing 20e40% of the total excess weight.22
Exercise programmes to enhance venous function
by increasing muscle mass have similar effects on
the muscle pump.23,24
The question then is why do thosewho have a better
muscle pump still present with more severe disease?
Improving calfmuscle function does not necessarily af-
fect the degree of reflux.23,24 However it might be ex-
pected that a better pump would compensate to some
degree for increased reflux. Lower residual volumes
would suggest this and yet clinical benefit is not appar-
ent. This paradoxmight be explained if the pump is not
used sufficiently frequently to maintain lower venous
pressures and minimize periods of venous hyperten-
sion. Overweight people do move less, taking fewer
steps during their day than people with a healthy
body weight.25 We suggest that although obese people
have a better calf venous muscle pump function, their
lower levels of physical activity mean it is not put to
good use. Consequently the periods of greater venous
pressure whether sitting or standing andwith more se-
vere reflux are prolonged and the periods of lowered
venous pressure less frequent.
The possible criticism of the first part of our study
is that a greater calf size in the obese may influence
the cuff performance characteristics producing a bias
in the APG volume measurements. Such biases would
however diminish volume changes and would be
negated when relative changes such as ejection and
residual fractions are calculated. The second part of
the study using additional more invasive venous
pressure measurement is not affected by this bias
and showed a similar relationship of weight to venous
pressures and venous volumes in those patients.
In conclusion the clinical severity of venous disease
is worse in the obese patient. The effect of obesity isincreased venous reflux and venous pressure in the
lower limb probably due to the raised intra-
abdominal pressure. The venous calf muscle pump
is more effective but because of decreased activity is
not well used and does not compensate for the
greater reflux. These findings are consistent with
the view that obesity worsens the clinical manifesta-
tions of varicose veins rather than the initiation of
them.Acknowledgments
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